Abstract: This paper studies a particular kind of gaming responses to explicit incentives in a large government organization. The gaming responses we consider occur when agents strategically report their performance outcomes to maximize their awards. An important contribution of this work is to examine whether this behavior diverts resources (e.g. agents' time) from productive activities or whether it simply reflects an accounting phenomenon. We evaluate the efficiency impact of the behavior we identify and find that it has a negative impact on the true goal of the organization. (JEL J33, L14) 
Introduction
When performance awards depend non-linearly on performance outcomes, agents have an incentive to manipulate the timing of their performance. Under bonus-based contracts, for example, agents may time their performance so that they just meet the numerical standard to receive their bonus. Under this timing strategy, agents postpone excess performance above the standard from good to bad years thereby increasing their chances to receive bonuses in bad years. Although these timing responses to non-linear contracts have received some attention in the organization literature, there is no direct evidence that this behavior creates a welfare loss. (See Gibbons (1997) and Prendergast (1999) for a survey.) The main goal of this paper is to examine whether this behavior reflects a misallocation of real resources or simply an accounting phenomenon.
The distinction between timing responses based on an efficiency criterion plays a key role in this paper. Timing strategies that create no welfare loss while increasing the agents' chances of earning bonuses are accounting manipulations. Accounting responses do not create any welfare loss because the organization can neutralize this behavior by appropriately discounting the performance award. Alternatively, timing strategies may lead agents to "invest in the wrong tasks" or to "game" the performance incentive system (Holmstrom and Milgrom, 1991 and Baker, 1992) . 1 Timing strategies are evidence of gaming if they do not only imply some kind of accounting manipulation, but also a costly misallocation of resources.
We investigate this distinction between accounting and gaming responses in a large federal job training program for the disadvantaged, created by the Job Training Partnership Act (JTPA) of 1982. JTPA is one of the first large-scale implementations of financial performance incentives in a federal bureaucracy. The JTPA incentive system rewards training agencies on the basis of their trainees' labor market achievements on the date they graduate from training. The incentive system leaves training agencies some discretion over the timing of the graduation date. The central focus of this paper is to study how training centers use this discretion.
Some of the timing strategies presented here have already been identified in our previous work (Courty and Marschke, 1997) . This paper builds on that work in two important ways. First, this paper offers an analytical description of the training agency's optimal graduation strategy that generates a much wider set of implications than were considered previously. Second and most importantly, this paper investigates some of the welfare implications of the timing strategies we identify. This constitutes the main contribution of this work.
The paper develops as follows. The following section reviews the organization literature on gaming responses to explicit incentives. Section 3 describes the JTPA organization, its performance incentive system, and our data. Section 4 shows that the program administrators maximize their performance awards by optimally timing the graduation date of program participants. Section 5 studies the efficiency of these timing strategies and Section 6 summarizes our findings.
Incentive Theory and Gaming Evidence
Bonus-based compensation schemes award bonuses when performance outcomes exceed preset numerical standards. Such schemes are common in some occupations: CEOs, sales people, and piece workers receive bonuses when firm earnings, yearly sales, and piece rates exceed predetermined targets, quotas or thresholds (Murphy, 1998 ). An important regularity that is emerging from the empirical literature on incentives is that nonlinear incentive contracts often encourage agents to manipulate the timing of their performance.
In an early contribution to this literature, Healy (1985) documents that managers who are compensated for meeting annual income thresholds use their discretion over the timing of income reporting to smooth their compensation across accounting years. More recent works report similar timing responses to threshold effects in other settings. For example, Asch (1990) showed that navy recruiters who receive awards for meeting yearend recruitment quotas respond by reallocating their work efforts over the year. Similarly, Oyer (1998) showed that there is more variability in firms' sales at the end of the fiscal years-when sales persons' bonuses are computed-than in the middle. The empirical evidence on threshold-motivated timing responses to incentives is surveyed in Gibbons and Prendergast.
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Four components common to many incentive systems create these timing responses.
First, the incentive award is a non-linear function of the agent's performance. Second, the performance outcomes are aggregated over fixed periods and the agent is rewarded at the end of each period on the basis of her cumulated performance. Third, the performance outcomes vary for random reasons that are outside the agent's control. Finally, the agent is able to choose the period in which performance is reported. Although the argument applies generally to non-linear awards, the rationale behind these timing responses is best illustrated under a bonus-based award.
Consider a simple environment where random fluctuations imply that the agent would succeed in winning a bonus in good years but fail in bad years if she reported performance outcomes without delay. Now, consider the following strategy that takes advantage of the agent's discretion over performance reporting. In bad years, the agent delays performance below the standard until the next bonus year, while in good years the agent delays positive performance above the standard. In very bad years, it may be optimal to 'take a bath', that is, to report bad performances and carry over good performances until the next bonus year. Under this timing strategy, the agent is more likely to receive a bonus in bad years without compromising the chances of winning bonuses in good years.
In exposing this timing behavior, the literature shows the variety and creativity of agent responses to incentives but offers no direct evidence that such behavior creates a welfare loss. In fact, the literature does not make an explicit distinction between accounting and gaming responses as defined in the Introduction. Based on this distinction, a review of the timing literature suggests that agents manipulate performance accounting 2 There is also a literature studying timing responses by tax-payers to minimize their tax bill (e.g. Dickert-Conlin and Chandra,1999, and Goolsbee 2000). Brown, Harlow and Starks (1996) and Chevalier and Ellison (1997) show that fund managers modify their investment strategies over the year to maximize investment flows into their funds.
but is inconclusive regarding whether this manipulation is gaming. For example, the managers in Healy's study may not have to consume resources in figuring out at the end of the accounting year how to optimally report their financial performance outcomes. Similarly, the military recruiters in Asch's study as well as the salespeople in Oyer's study may vary their effort supply over the contract year as a result of the incentives they face, but this by itself is not evidence of inefficiency. This work is the first attempt to estimate empirically the costs of timing activities in performance incentives.
Discovering whether timing strategies are inefficient has important economic implications. Evidence of welfare losses would contribute to a general argument, found in the organization literature, attributing the scarcity of explicit incentives to the difficulty of measuring performance outcomes. (See Jensen and Meckling (1992) for a review.)
According to this argument, principals can specify explicit performance measures only approximately, which results in agents gaming the system by optimizing with respect to the actual measures instead of the intended unmeasurable objective (Holmstrom and Milgrom and Baker) . Despite the popularity among organization theorists of the gaming argument as an explanation for the scarcity of explicit incentives, there is little formal evidence in its support. In fact, the gaming argument relies exclusively on anecdotes accumulated over the years by organizational behaviorists (e.g. Kerr (1975) and Lawler (1982) ). Although these anecdotes suggest that explicit incentives do not always work as intended, they do not demonstrate that these unintended responses are evidence of inefficiency.
The set of threshold-driven timing responses sketched above seem to be a good candidate to conduct a formal test for costs of the unintended responses. We propose to conduct this test in the JTPA organization for two reasons. First, the program administrators in JTPA face a similar incentive environment as those studied in previous empirical work.
Meeting a fixed numerical performance standard plays a key role in the JTPA award functions. Actually, several award functions in our sample are identical to a bonus-based formula. Second, a recent evaluation of JTPA has generated a wealth of data on its functioning, including separate accounts, by program administrators and by participants, of the training outcomes. Our ability to observe agent behavior that is normally hidden from the organization, at least in the short-run, makes this study especially compelling.
In addition, these data are sufficiently rich to generate measures of agent productivity.
In contrast with previous timing studies, these measures will allow us to conduct the efficiency study that is required to test the gaming hypothesis.
Our strategy will be to identify some timing responses and to sign their welfare impacts. Although it is possible to test for welfare costs, we cannot address more general efficiency questions (e.g. whether the JTPA incentive system is second or third best). Our work, however, presents findings that should be taken into account in a more complete evaluation of the overall efficiency of the JTPA incentive system.
JTPA: Organization, Incentive System and Data
This section starts with a few summary facts about job training under JTPA, then describes the JTPA incentive system emphasizing those features that are most relevant for this study and finally introduces the three data sources that will be used in this paper.
The Job Training Partnership Act of 1982 created what is presently the largest federal employment and training program serving the disadvantaged. Its current annual budget is approximately $4 billion and it serves nearly one million people annually.
3 The JTPA bureaucracy is unusual for three reasons. First, JTPA is highly decentralized: job training is carried out by more than 620 semi-autonomous sub-state training agencies.
Second, the Act gives these training agencies significant discretion over who is admitted to the program and how training is conducted. Third, and most important for this study, instead of a rigid, comprehensive set of rules to regulate bureaucratic conduct, the federal government uses a loose set of financially-backed performance incentives to influence outcomes.
The Incentive System
In this section, we describe the main features of the incentive system which will be the focus of our empirical work. Congress intended the performance incentives to measure the training agency's success in developing participants' human capital (Job Training Partnership Act, Sec. 106(a)). 4 The Act gave the U.S. Department of Labor (DOL) the responsibility to develop a workable set of performance measures based on the Act's mandate. The DOL chose a set of short-term labor-market measures based on an enrollee's employment status, wage, earnings, and/or number of weeks worked at the end of job training. Along with selecting labor market measures, the DOL also decided that the labor market outcomes would be measured on the date participants graduate from the program.
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The graduation date is the date the training agency officially closes an enrollee's case and removes her from its rolls. To receive additional training after the graduation date, the enrollee must be re-enrolled. Note that the same date corresponds to two concepts: graduation, that is, termination of the enrollment period, and reporting of the labor market outcome. 6 Training agencies' discretion over the graduation date is limited by the follow- In aggregating performance over a fixed period of 12 months, the JTPA incentive system is thus similar to many incentive systems. The award augments 4 It should be noted that human capital development is not the exclusive goal of JTPA. The Act, the Act's amendments, and the U.S. Department of Labor in its role as interpreter of the Act mention other goals such as equity and special service to individuals in the bottom of the income distribution. See Heckman and Smith (1995) for a discussion of these goals and how they are expressed through the JTPA performance incentives. 5 In the time period for our study, 1987-89, the date of performance measurement corresponds to the graduation date. 6 We thank Canice Prendergast for suggesting this terminology.
the training agency's budget in the following year. Averaging over all JTPA training agencies, the award is the source of approximately seven percent of the operating budget.
The Data
This study relies on three data sources. The first two data sources are an administrative data source and a participant data source which were collected for the DOL-commissioned National JTPA Study (NJS). The NJS was an experimental study of the effectiveness of JTPA conducted between 1987 and 1989. The study was conducted using a classical experiment methodology according to which JTPA applicants were randomized into treatment and control groups. Members of the treatment group received training and members of the control group were denied JTPA training services for 18 months. Sixteen of the organization's roughly 620 job training agencies participated in the NJS. 7 The administrative data include enrollee-level information on training activities, enrollment and graduation dates, and the employment-at-graduation performance outcome. The participant data were produced from a questionnaire administered to participants at the time of their application and again 18 months later. As a result, this second data source includes detailed information on individuals' participation in job training, schooling, and job search and on employment during the 18 month period following random assignment.
The third data source describes the JTPA incentive policies. We obtained these policies from the states' governors offices. 8 We briefly summarize the main characteristics of the incentive policies that will be used in the paper. 8 We collected these data while research associates for the Center for Social Policy Evaluation, at the University of Chicago. A summary description of this data can be found in Courty and Marschke, 2000. reported outcome exceeds its standard. Thus, the program year's incentive award is,
where 1{·} equals one if the condition in brackets is true. Because the Act leaves the design of the incentive policies to the individual states, there is much variation in the precise functional form of the awards. In some states, training agencies receive additional awards for exceeding standards, with the performance-award relationship displaying many sorts of non-linearities, such as piece-wise linear forms and nested qualifying conditions.
What matters for this study is that the Act requires only that awards be contingent on achieving standards. As a consequence, the major portion of the potential award across all training agencies in our study is paid out for simply meeting the standard. For our analysis, we will assume that each training agency faces functional form (1) because it is the simplest formulation allowing us to test for incentive responses common to all incentive policies.
Timing Activities in JTPA
Courty and Marschke (1997) present evidence suggesting that training agencies time the graduation date to maximize their awards. This section as well as the appendix extend the argument sketched in Courty and Marschke (1997) . A shortcoming of our previous work was that it provided no systematic statistical modelling. In this section, we develop and test econometric models that more carefully measure the behavior previously identified. Also, our previous work considered only the impact of the employment-based performance measure on the optimal graduation strategy. The appendix extends the argument of Courty and Marschke to examine additional performance measures and shows that although these measures matter their influences are second order.
Graduation Timing Before the Program Year-End
Because labor market outcomes vary over time naturally on their own, training agencies have an incentive to choose the date they report enrollees' employment outcomes strate-gically. At the end of an enrollee's training, training agencies face a decision: to graduate the enrollee and report her labor market outcomes, or to postpone graduation in hopes that the outcome improves. The optimal graduation strategy leads the training agency to graduate enrollees who are employed within the 90 day period following training either on the last day of training or on the first day of employment, whichever occurs first, and all others on the 90th day following training end. Figure 1 shows the order of events for a particular enrollment in the National JTPA Study. Application, acceptance into the experiment, random assignment, and enrollment (for those randomized into the treatment group) occur in rapid succession. A period of training then follows, with most enrollees finishing training in eight months or less.
Training concludes with or without the enrollee in a job. At the conclusion of training, the training agency then has 90 days to graduate the enrollee. Approximately eighteen months after random assignment enrollees are interviewed and their labor earnings and employment histories over the previous 18 months are taken.
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We introduce some notation to model the optimal graduation strategy. Let g i and f i be enrollee i's graduation date and training end date respectively, and let e i be the earliest date following f i that individual i is employed (see Figure 1 ). Finally, let u i be an indicator variable, equal to one if enrollee i failed to find a job within ninety days after f i , and zero otherwise (note that u i equals zero if enrollee i was employed as the 90 day grace period began). Using this notation, the optimal graduation strategy states that training agencies graduate (1) enrollees who are employed within the ninety day period on their first day of employment after training ends (that is, g i = e i if u i = 0) and (2) enrollees who were never employed within the 90 day period on the 90th day following the end of training (that is, g i = f i + 90 if u i = 1). Thus, we have
To test this identity, we assume that participants report their training end date and employment date with the same error, and that the training agency reports the graduation date with a random error that is stochastically independent of the participant's reporting error. The observed variables are
η g i and η i assumed to be stochastically independent. Taking the graduation date as a reference point, (2) can be rewritten in terms of the observed variables,
where
To test the identity (3) we add coefficients and estimatẽ
Because the residual is stochastically independent of the independent variables, we estimate (4) using least squares. Under the assumption that the error term is normally distributed, we can test whether the coefficients corresponding to (1
that is, β 1 and β 2 , equal 1 and 90, respectively.
The estimate of Model I in Table 1 offers a simple comparison of the mean delay for enrollees who are employed sometime between training end and the end of the ninety day period (enrollees for whom u = 0) and enrollees who never become employed (u = 1).
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(Model I is a regression of graduation delay on the variables (1 − u) and u, without an intercept.) Model I shows that participants who are never employed in the ninety days following training end graduated 67 days later than those participants who obtain employment sometime during the ninety day period. Panel C of Table 1 shows the p value of the test of significance of this difference to be almost zero.
Model II in Table 1 corresponds to equation (4) . The estimated coefficient on (1 − One measure of the private gains from delaying the graduation of unemployed enrollees is the difference between the fraction of enrollees who are employed on the day they finish their training and the fraction employed on the day the training agency officially reports them. We find that the overall employment rate at graduation increases by 11.3 percentage points between these dates, from 47.0 percent to 58.3 percent. Stated differently, training agencies in this study would produce an employment rate outcome 20 percent lower if they were required to graduate enrollees (and report their performance outcomes) on the date they actually finish training.
Graduation Timing Toward Program Year-End
We generalize the simple graduation strategy presented above to take into account the training agency's discretion over the program year in which it graduates participants.
Consider a stylized two program year incentive system where the training agency receives a fixed payment if the yearly labor market-based performance outcome exceeds a fixed performance standard. The training agency does not know its final aggregate performance outcome until the end of the program year because the labor market outcomes depend upon random factors, such as the state of the local economy, which are outside its control.
Because of the graduation strategy described above, the training agency reaches the end of the year with an inventory of enrollees who have finished training within the previous 90 days but are unemployed. At the end of the first program year, the training agency chooses how many from this inventory to graduate in the present program year, the remainder to be graduated in the following program year. Assume there are n such persons, of whom n 1 will be graduated in the first program year and n 2 = n − n 1 in the next one. The training agency chooses n 1 to maximize the present value of the sum of the two awards.
The optimal graduation strategy on the last day of the first program year depends on the difference between the performance outcome and the standard as the last day arrives. Let N = N e + N u be the number of persons who were graduated during the year (excluding the year's last day), where N e and N u are the numbers of such persons graduated employed and unemployed, respectively. LetS be the performance standard.
Three cases can be distinguished (see Figure 2) . In case one, on the last day of the year the cumulative performance outcome exceeds the standard by so much that the training agency can graduate all unemployed enrollees. In case one, because
Ne N+n ≥S, n 1 = n. In case two, the cumulative performance outcome exceeds the standard, but not by much.
In case two, because graduating all unemployed enrollees would push the outcome below the standard, it pays the training agency to graduate persons from its inventory only until the standard is bound. That is, the training agency chooses n 1 such that
Rearranging yields
Equation (5) implies that n 1 lies between 0 and n, approaching zero when the training agency just meets the standard and n when the training agency outperforms the standard by n/N percentage points or more. In case three, the training agency fails to meet the standard at the end of the year, (
. In this case, because it cannot win an award this year, the training agency 'takes a bath', graduating all n persons from its inventory to maximize the probability of an award next year.
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The two-period model outlined above suggests the following modification of (4).
where j i is a dummy, equal to one if June 30th falls within the 90 day period following training and zero otherwise, and LOW i , MED i and HIGH i are three dummies, respec-tively equal to one if the performance outcome at the end of the program year lies in the low, medium and high regions defined by the horizontal axis in Figure 2 , and zero otherwise.
We start by testing a very elementary prediction of the model. The model predicts that we should find that unemployed enrollees whose training ends in the last three months of the program year should be less likely to be delayed the full 90 days. As a consequence, we should find that the length of delay is longer on average for persons who finish training between July and March than for persons who finish between April and June. We test whether the length of delay differs in this way by imposing the constraint (6), and testing whether β 3 > β.
Models III in Table 1 Confident that this simple implication is consistent with the data, we move to a more sophisticated prediction of the model. Among unemployed persons whose training ends within 90 days of June 30th, enrollees in LOW i and HIGH i categories should be delayed for a shorter period on average than individuals in M ED i . In terms of (6), this corresponds to testing whether β 6 > β 5 and β 6 > β 7 . In addition, individuals in LOW i and HIGH i should be delayed approximately the same length of time, that is, β 5 should be equal to
To test this additional prediction, we create a subsample based on the graduation decisions for the subsample of training agencies in our data for which we had reliable estimates of year-end performance. 12 The model predicts that training agencies will delay graduating the average person whose training ends in MED for a longer period of time than the average person whose training ends in either HIGH or LOW. The estimates of
Model IV are consistent with this prediction. That is, the estimated coefficient for the variable u × j × M ED-we are omitting the i subscript to simply the notation-is greater than the estimated coefficients for the variables u × j × HIGH and u × j × LOW . These differences are statistically significant (the p values for two-tail tests of equality are .030
and .024, respectively). Model IV shows that training agencies apparently exploit the ninety day grace period fully: the coefficient estimates for
are very close and statistically identical to one and ninety, respectively.
To summarize, Table 1 shows that a training agency (1) delays graduating idle, unemployed enrollees longer than idle, employed ones, (2) graduates idle, unemployed enrollees sooner if they finish in the last three months of the program year than if they finish within the first nine months of the program year, and (3) graduates unemployed enrollees who finish training in the last three months of the program year sooner if the training agency is doing either very well or poorly relative to the employment standard. These findings are consistent with the two period graduation model. We have also found timing behavior associated with wage-based performance measures. Because this behavior occurs on a much smaller scale than the behavior documented above, we describe this evidence in Appendix B.
12 Although training agencies provided us with the complete incentives in place during the years 1987 through 1989, they were generally unable or unwilling to provide reliable estimates of their year end performance. Creating reliable estimates of year-end performance from our data is challenging. Because of the design of the NJS, a training agency's experimental population generally represented only a portion of the year's participants. To develop reliable estimates of year-end performance, we omitted training agencies from the estimation for which we did not have a substantial portion of the total year's participants. The estimates of Model IV are based on graduation decisions in training agencies for which 70 percent or more of participants graduated during the program year were represented among the NJS participants. For this reason, Model IV is estimated on a subsample of the data used to estimate Models II and III. We also ran Model IV on samples created using training agencies for which we had 60, 50, 40 and 30 percent of the year's population of graduates. We found that these samples generally produced statistically insignificant relationships, presumably because we were admitting sets of observations with ever more noisy measures of year-end excess performance.
Analysis of Gaming
The above results demonstrate that training agencies time the graduation date to increase their performance outcomes and to maximize their intertemporal award streams. In this Section, we test whether these timing activities reduce program efficiency.
A simple two-tasks model captures the main idea. Training agencies can invest in training and timing activities. Define a 1 and a 2 , respectively, as investment in training and timing activities where investment will be interpreted broadly as including effort (e.g. caseworker time and attention) and the services themselves. We distinguish training activities, which include enrollment, training assignment, and any other activities directly related to the normal delivery of training, from timing activities, interpreted as year-end and graduation timing, which occur in addition to normal training. The important thing to note about timing activities is that, although we cannot exactly quantify these activities, we observe when they take place. Graduation timing occurs only during the 90 day window after training ends while year-end timing occurs only in June.
Training agencies maximize the rewarded objective, M(a 1 , a 2 , s), which aggregates many dimensions of performance. The rewarded objective depends both on training and on timing activities, as well as on an exogenous incentive shifter s whose role will be explained shortly. We can restate the findings of Section 4 using this notation: training agencies invest in timing activities, that is, a 2 > 0, both for graduation and year-end 13 The investment in timing activities may be very small relative to the investment in training activities. This, however, is not relevant for our study since what matters is not the level of investment in timing activities per se but whether at the margin this investment lowers training's efficiency. While our first approach focuses on input distortions, our second approach focuses on output distortions. We suspect that the timing strategies lower the true objective. Evidence of this is evidence that timing activities constitute gaming. We ask the question:
Are earnings impacts lower when the training agency invests more effort in timing activ-ities? Our strategy uses the observed variation in the level of effort invested in timing activities. Assume that we can observe different regimes of investment in timing activities that are indexed by s where a higher value of s corresponds to a greater investment in timing activities. For example, the June month corresponds to a higher level of s than non-June months. We will conclude that timing activities are evidence of gaming if they lower the true objective, 
Does the Incentive System Distort the Training Allocation?
We focus on the distortion in the training allocation that occurs in June. June distorts the marginal products of training and timing activities. We showed in Section 4 that training agencies respond to this shift by graduating a disproportionate fraction of the enrollees in June. The training agencies graduate some idle enrollees who have finished training and are in their 90 day window. At the end of a program year, the training agency may also find that it is optimal to graduate a poorly performing enrollee in the current year even if doing so would mean cutting short the training plan.
We ask whether the training agency prematurely ends some training plans in June.
Our identifying assumption is that under an efficiency hypothesis the training plan should not be truncated in June while it may be optimal to truncate a training plan in June under an award maximizing hypothesis. In terms of the model sketched out above, we use June as a proxy for the incentive shifter s and training length as a measure of investment in training activity a 1 , and we ask whether June changes the training length, that is, whether ∂a 1 ∂s 6 = 0. Finding that this is the case will be interpreted as evidence of inefficiency. 14 We estimate a hazard rate model for the duration of training with a dummy variable 14 This interpretation is correct as long as indicating whether the current month is June as an independent variable. Our model of training posits that on the date of enrollment the enrollee's case worker assigns her to a training stream based on her characteristics. The duration of the training stream is function of its type, the characteristics of the enrollee, and state of the local labor market. Normally, the case worker would allow the training spell to take its course. In June, however, the case worker may decide to truncate the enrollee's training spell for the purposes of graduating her if her employment prospects are low and the training agency's year-to-date performance is either high or low relative to the standard. It is important to note that we run a hazard rate for the duration of training-not the duration of enrollment. The efficient training duration should not depend on the incentive shifter.
To test whether training agencies strategically truncate training spells we estimate a Cox non-proportional hazard model. The survival time in training for each enrollee i is assumed to follow its own hazard function, h i (t) = h(X i , Z i , T i , JU NE i (t), t), written as
where h 0 (t) and θ are unknowns, and X i is a vector containing the enrollee's age, education level, labor market experience, race, gender, marital status, number of children living at home, and welfare program participation, all measured upon enrollment. X i also contains dummies indicating the enrollee's training agency. The state of the labor market over the post-random assignment period is described in the vector Z i , which contains the unemployment rate, labor force participation rate, and relative size of the service sector, all measured locally and for i's year(s) of enrollment. The enrollee's training typewhether it is on-the-job training, classroom training, or job search assistance-is denoted by T i . JUNE i (t) is an indicator variable, equal to 1 if t is the month June, and equal to zero otherwise. Equation (7) is estimated using individual training spells, measured in months. h i (t) therefore is the probability that a training spell will end in month t
given that it has lasted until month t. The baseline hazard, h 0 (t), corresponds to the case where all explanatory variables are equal to zero. The regressors, contained in the exponential component, scale the baseline hazard. Cox's semiparametric model is often used to analyze survival data when explanatory variables are time-varying, as is the case with our variable JUN E i (t).
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We estimate (7) using Cox's partial likelihood method, which eliminates the unknown baseline hazard and yields consistent estimates of the parameters. In this model the coefficient estimates are the derivatives of the log of the hazard with respect to the explanatory variables. The coefficient estimates should be interpreted as the constant proportional effect of the explanatory variables on the conditional probability of the training spell ending.
Finding that the estimated θ 4 coefficient is positive would be consistent with the hypothesis that those enrollees graduated in June have been prematurely graduated (that is, ∂a1 ∂s 6 = 0.) Table 2 reports our results. 16 The first column contains our estimates of the coefficients in (7), assuming a constant baseline hazard across person types. The coefficient estimate is positive (.364) and significant. The coefficient estimate implies that the hazard rate in the month of June is about 44 percent greater than in other months.
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To refine our test that the incentive system generates input distortions, we cross the June variable with our measure of performance at the end of the year-LOW , MED, HIGH-constructed as in Section 4. As in Section 4, we view year-end performance as an exogenous shock outside the control of the agency, and thus a valid instrument for identifying the effect of performance incentives on training duration. The hypothesis we test is that enrollees are more likely to be graduated under LOW and HIGH. We are able to estimate year-end performance for a subset of June months (see Section 4.2 and footnote 12). Thus, for a subset of enrollees the propensity to truncate in June can be compared across the different states of performance. Define the variable τ i (t), an indicator variable, equal to one if t is a June month for which year-end performance is observed, i.e., for which the variables LOW , MED, and HIGH are non-missing. We assume τ i (t) is exogenous because it is determined by the fraction of the training agency's 15 See Kalbfleisch and Prentice (1980) or Kiefer (1988). 16 Table A .3, columns 2 and 3, in the appendix reports the means and standard deviations of selected variables for the sample used in our analysis. 17 Note that the ratio of the hazard in the month of June to any other month is simply exp(θ 4 ). Substitutingθ 4 = .364 for θ 4 yields our estimate of the impact of June on the hazard. total enrollment contained within the experimental sample. We estimate the following modification of (7)
These results are reported in the second column of Table 2 .
and JUNE i (t) LOW i involve a comparison of the subsample of enrollees-much smaller than the samples used to estimate θ 4 in Model I-in training centers and years for which year-end performance could be reliably measured. 18 Note that JU NE i (t) HIGH i is significant and positive as predicted, while the coefficient estimate for JU NE i (t) M ED i is not significantly different from zero, again, as predicted. The implication of these estimates is that high performance makes an enrollee more than twice as likely to exit training in June, relative to performance just above the performance standard. The coefficient estimate for JU NE i (t) LOW i is not significant but this may be due to the small subsample of enrollees receiving training in LOW training centers.
Thus, the evidence suggests that the incentives encourage training agencies to truncate training spells. We argue that this finding is not wholly due to unmeasured differences among enrollees whose training carries into June because we can show that whether training agencies truncate training or not depends in a predictable way on their performance in June.
Efficiency Cost of Timing Activities
While the previous subsection demonstrates that timing activities distort the input allocation it does not shed much light on the efficiency cost of these distortions. In this section, we present additional evidence of efficiency costs and we also attempt to measure some of these costs. We will follow the approach presented in the model sketched out above, estimating
2 (s)) both for graduation and year-end timing.
Is graduation timing evidence of gaming?
To test whether graduation timing is evidence of gaming, we use the fact that graduationtiming activities occur during the 90 day window after training ends. We can measure for each enrollee the amount of time between training end and graduation. This amount of time is a proxy for the investment in graduation timing. We hypothesize that earnings impacts should be lower the greater the training agency's investment in graduation timing, which we measure at the training agency level.
To be more precise, we construct for each training agency the variable DELAY , the number of days graduation is delayed for the median enrollee in the training agency. 19 Across training agencies, the median number of days of delay ranges from 0 to 106. The variable DELAY varies across training agencies because different training agencies face different incentive schemes, applicant pools, labor market opportunities and training technologies. We hypothesize that training agencies respond to differences in their external environment by making different trade-offs in allocating effort across training and timing activities. We use the variable DELAY as a proxy for the investment in graduation timing.
Consider the typical production function for an enrollee's earnings used in the evaluation literature,
where Y measures the enrollee's labor market earnings for the eighteen months following random assignment, which corresponds closely to the start of the enrollee's enrollment spell. (To keep the notation simple, we have suppressed the subscript identifying these variables as measures for a single enrollee.) It is important to note that the starting and ending dates for the measurement of the enrollee's earning are independent of the graduation decision (see Figure 1 ). This independence rules out the possibility of endogeneity bias where the graduation decision determines earnings impacts indirectly through the measurement procedure.
The enrollee's earnings over the eighteen month period are assumed a function of her demographic characteristics, X, the state of the labor market over the post-random 19 We use median instead of mean because the median is less sensitive to outliers.
assignment period, captured in Z, the type of training she receives, T , as well as its duration, denoted D. 20 If gaming activities are costly, an enrollee's earnings is also a function of the degree to which training staff devotes time to gaming, captured by the variable DELAY . Finally, ν is an error term representing the unobservable determinants of an enrollee's earnings. We assume that f(·) is linear, that is
and we estimate the parameters, γ, of (10) using least squares and the data on all the adults in all training agencies, assuming that ν is distributed i.i.d. normal. Under the gaming hypothesis we conjecture that the coefficient on DELAY is negative Table 3 support this hypothesis. 21 Model I in Table 3 corresponds to equation (10) . The estimated coefficient on DELAY is statistically significant and implies that a one day increase in the number of days of delay for the median enrollee reduces the average earnings gain by about $47; a one standard deviation (29.9) increase in delay reduces the gain by about $1406. Because a training agency can enroll thousands of enrollees, a thirty day increase in the delay experienced by the median enrollee can represent a substantial increase in delay activities. Nevertheless, the estimated impact of delay is quite large, larger than most estimates of the average impact of training.
22
While these results are consistent with our hypothesis that delay strategies take resources away from training efforts, they are also consistent with another interpretation 20 Earnings might rise with the training duration because the longer she is in training the more skills she acquires. Earnings may also fall with the length of training: for some enrollees, longer training spells mean that they enter the labor market and begin earning wages late in the eighteen month post-random assignment period. Because the training she receives is non-randomly assigned, her training type and its duration may also reflect non-measured human capital. For example, enrollees may have been assigned to especially lengthy training spells because they enter the program with few marketable skills. Thus, the length of training and the earnings may be negatively related, holding all other measurable variables constant.
21 Table A. 3, column 2, in the appendix reports sample statistics for key variables used in this analysis. 22 Large estimated effects on per capita earnings of features of the JTPA incentive system have been reported before. Cragg (1997) reports that states that allow their training agencies to appeal awards-an indicator of a philosophy of leniency-show per capita (lifetime) earnings among JTPA enrollees between $2000 and $2200 less than states that do not, ceteris paribus.
based on agency heterogeneity. According to that story, training agencies have idiosyncratic preferences for awards and these preferences ultimately determine both earnings impacts and graduation timing. 23 In this case, DELAY may be correlated with unobserved behavior that makes earnings impacts low. For example, training agencies that pursue delay strategies may also cream-skim, that is, enroll persons whom they expect will perform well on the JTPA performance measures, even though they experience low earnings gains from job training.
Our empirical models are estimated with enrollee and training characteristics on right hand side to control for differences in agency strategies. These control variables, however, may not soak up all variation in agency preferences. Research in the policy field has emphasized the importance of the job training agency's mission in determining its behavior (see Grubb and McDonnell, 1996, and Heinrich, 1999) . In JTPA, some training agencies are organized as private non-profits, others are part of local government, and still others are run by the local Private Industry Council (PIC), a JTPA-mandated overseeing board composed of local business, labor, and government leaders. These organizational differences, it is argued, affect the types of training strategies pursued and may also therefore determine the taste for performance awards. 24 Among the sixteen training agencies in our study, 8 are parts of government agencies, 2 are private non-profit organizations, 3
are run by PICs, and 3 fall under the category "other". Model II in Table 3 includes on the right hand side indicators for organizational type. 25 Note that including the organizational type of the training agency leaves the estimated effect of DELAY on earnings little changed.
Thus, training agencies that show high levels of graduation timing show lower earnings gains. This finding remains even after we control for heterogeneity in training, enrollment strategies, and organizational types. This is consistent with the hypothesis that graduation timing is evidence of gaming.
Is year-end timing evidence of gaming?
The month of June modifies the training agency's training strategy in two ways. First, training agencies invest more in timing activities in June than in other months. Training agencies substitute time and effort away from training toward timing. Using the two-task model, we have a s1
2 ≥ 0 and a s0 2 = 0 where a 2 is interpreted as the investment in year-end timing and s 0 (s 1 ) indicates whether the variable is measured in June (a month other than June). Under the hypothesis that timing is evidence of gaming, we should find that training that takes place in June is less effective than in other months. Second, and as demonstrated in the previous subsection, training agencies truncate some training spells in June. We call these two effects the substitution effect and the truncation effect.
To measure the substitution effect, we construct which is equal to the fraction of the enrollee's training spell spent in the month of June. For example, for an enrollee who started training on April 1, 1987 and finished on June 30, 1987, JUNF RAC is one third.
JU NF RAC, therefore, measures the extent to which enrollees may have suffered from year-end timing. To distinguish the impact of sudden truncation in June on earnings impact, we construct the dummy JU NT RUNC which is equal to one if the enrollee is trained and graduated in June, and equal to zero otherwise. We estimate the following modification of (10) (11) using least squares. 26 The coefficient on the variable JUNF RAC captures the change in earnings that results from a different investment in year-end timing independent of a truncation effect, that is, γ 6 = I(a
2 ), measured for a representative enrollee. Under the gaming hypothesis, we conjecture that those enrollees trained in June have lower earnings, that is γ 6 < 0. The spirit of this test is that the investment in yearend timing activities occurs only in the month of June. Because year-end timing occurs only in the month of June, it is more likely to lower the human capital impact of those enrollees whose training spells overlap with June.
It is more difficult to identify the truncation effect than the substitution effect. The reason is that training agencies truncate in June those enrollees who have little chance to find an employment and they base this decision on a much finer set of variables than the set that is available to us. One could argue, for example, that the variable JUN T RUNC is subject to a selection bias because those individuals graduated in June are more likely to be poor performers. 27 Although the variable JUNT RU NC only imperfectly captures the truncation effect, it permits us to control for potential selectivity bias in our estimation of the substitution effect.
28
The results of our estimation of equation (11) are reported as Model III in Table 3 .
As in models I and II, the estimates of the coefficients on DELAY are negative and significant. The estimate of the substitution effect (γ 6 ) is also negative and significant. This is consistent with the substitution hypothesis. The estimate of the γ 7 is negative and insignificant. The finding that γ 7 is insignificant could be explained by the fact it may difficult to find earnings differences due to the truncation effect within 18 months after random assignment.
29
The negative year-end effect shows that those enrollees who are trained in June do not gain as much from JTPA training. This is consistent with our hypothesis that yearend timing diverts effort and resources from human capital activities. The JUN F RAC 27 Because JUNT RUNC identifies persons whose training and enrollment spells both end in June, the estimation of γ 7 is subject to another kind of bias. A large fraction of this subset of enrollees have had their training spells curtailed. The training spells of the remainder, however, ended naturally. The presence of non-truncated spells among the truncated spells will bias towards zero the coefficient γ 7 .
28 One concern with the JUNF RAC variable is that it oversamples enrollees who are graduated in June. Recall that June graduates perform worse on the performance measures. This suggests that the JUNF RAC variable may pick up unobserved skill differences across individuals that are correlated with earnings impacts. Controlling for JUNT RUNC takes care of this selection bias. 29 The finding that truncation does not change earning impacts does not mean that truncation is not inefficient. It is correct to conclude that truncation is inefficient because truncation changes the cost of training. Stated differently, the condition in footnote 14 holds once the function I is redefined to include the cost of training.
coefficient estimate, however, may represent, partly or wholly, a seasonal effect. In June, July, and August the labor supply in low-skill labor markets temporarily shifts out as high school and college students seek temporary, full-time employment. In 2000, a typical year, the labor force among persons aged 16-19 rose from 7.1 million in May to 8.3 million in June. In July and August, the labor force stood at 8.6 million and 8.1 million, respectively, before settling back to 6.8 million in September, the beginning of the new school year. To control for the summer recess effect, we re-estimate equation (11) Table 3 . Our estimate of γ 6 , now uncontaminated by the summer recess effect, remains negative and is now marginally significant. 31 Note that the calendar effect while negative, is small and statistically insignificant. The implication of the more conservative estimate of γ 6 , -3553. That is, by beginning her training earlier so that it ended before June, this enrollee would likely enjoy a 36 to 60 percent increase in her 18-month earnings gain from training.
To summarize, the evidence suggests that timing strategies are evidence of gaming. The evidence that earnings impacts are lower in those training agencies that engage more in graduation timing is consistent with the hypothesis that graduation timing is inefficient.
In addition, we find that year-end timing is inefficient on two counts. First, training agencies are more likely to suddenly truncate training in June; an input distortion which is a direct consequence of year-end timing. Second, we find that earnings impact are lower for those enrollees who receive training in June. We interpret this finding as evidence that training agencies substitute time and effort away from training toward the end of the program year.
Summary
This paper studies timing responses to incentives. We find that JTPA training agencies time the reporting of the trainee's performance outcomes to maximize their incentive awards. We show that training agencies report good training outcomes promptly but wait on bad ones in the hope that they improve. In those cases where bad outcomes are unlikely to improve, training agencies report these outcomes only in good years where they do not risk losing their awards. In bad years, they postpone reporting bad performances until the next year to secure the minimum level of performance required to qualify for an award.
We formally test for the impact of these timing responses on the efficiency of the organization. We find that the timing responses in JTPA lower the effectiveness of job training, as measured by the impact of training on enrollee earnings. This efficiency test suggests that this timing behavior is evidence that training agencies game the incentive system. This evidence of gaming demonstrates that there are costs to using explicit performance incentives.
gain is the difference in mean earnings in the 18 months following the date of random assignment between persons in the control and treatment groups. See Bloom, et al for details. See also footnote 22.
We conclude with a note on our perspective as to where our work fits within the incentive literature. This paper presents evidence that is consistent with the hypothesis that performance incentives in organizations lead to costly distortions in agent behavior. One could argue, however, that the costs we identify are specific to a poorly designed incentive system, and that these costs could be easily reduced or even eliminated under alternative designs. Whether these costs can easily be eliminated, however, is entirely an empirical issue that cannot be addressed until one observes and studies the responses to these alter- .0829
.0047 .9947 4. Among idle enrollees who never experience employment, graduation delay is longer when training ends in the first 9 months as compared to the last 3 months of the program year.
.0200 5. Among idle enrollees who never experience employment, whose training ends in the last 3 months of the year, the duration of graduation delay is the same whether the performance just prior to year-end is much less than (LOW = 1), much greater than (HIGH = 1), or greater than but close to the standard (M ED = 1).
.0243 β 7 = β 6 .0295 β 5 = β 7 .7107
Notes: †β x is the coeffecient estimate on variable no. x, where x corresponds to the number in brackets in Panel A. .32 (.47) Notes: 1. Earnings following random assignment are the aggregate earnings in the 18 months following random assignment. Last year's earnings based on enrollee's labor market earnings before taxes and other a wage increase. A secondary employment spell is a spell which began after the month training ends, but before the end of the 90 day grace period.
The upper panel of Table B .1 shows that training agencies are more likely to postpone graduating the enrollees who experience a wage increase within the 90 days following training end (respectively 50% and 64% of the enrollees who experience a lower and higher wage are delayed). While persons who experience wage increases show a greater incidence of graduation delay, we cannot reject the alternative hypothesis of no association between the two variables (The p value from a chi-square test of the hypothesis of no association is .147).
The optimal graduation strategy also predicts that those participants who are graduated after the start of their secondary employment spell should experience higher wage offers. The lower panel of Table B .1 tests for a relationship between the size of the wage gain and the likelihood of graduation delay. The lower panel shows that the mean difference between the wage in the secondary employment spell and the employment at training end was higher for enrollees delayed than not delayed. The Wilcoxon rank sum test of the equality in distributions compares the rankings of the differences by delay category to a ranking generated by chance. This difference is significant at the .002 level. Thus the covariation of graduation delay and the wages in secondary employment spells appears consistent with a graduation strategy that maximizes the wage and earnings performance outcomes.
